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③# tv.lvg∈Bi[Ⅹk,yk]) ≧# twhlwh∈Bi[yj,Ⅹj】)
によって定める｡この意味は図2のようにj,k以外　　個人　iからみたⅩ,yの位置
の個人のⅩとyの選好は無差別で､ jはyを､ kはⅩ　　J y>->Ⅹ
を選好するが､後者の選好の｢強度｣は前者より強い　　k　　　　　　　>Ⅹ>･--->y
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1*** 途??.4 唐??0.6 ?2纈?3.6 ?ゅ?22.6 ?r繧?4.1 ?b??9.3 
公理満足率 涛"繧?3.5 涛?b?9.4 田b??6.4 都??77.4 塔"??5.9 塔2纈?0.7 
選択変更率 ?b絣?7.4 ?r紕?9.3 ?R繧?5.5 ?"纈?5.8 鼎b縒?8.0 ?r繧?2.0 
(公理内) ?ゅb?9.3 鼎??39.1 ?偵?53.5 ?"??3.`3 鉄b繧?3.7 ??"?9.2 
D- 偵???081 剪?CB?.4208++ 
X2 ?緜?｢?2.222 剿ﾆﾂ紊??｢??7.790事暮+ 
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ここで､予算制約として､ ∑iniXl-W｡ (niはタイプiの構成数､ Wは交付税総額)
また､ロールズの平等モデル､功利主義的モデルの目的関数､ R､ Uはそれぞれ､
R(xl,X2,･･･,XS)=maX, naXi ui(p,Xi)+mi n　　　(7)












日的関数 ?年度 ?9D2?ｽ等 佰yy?
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辛 ??ｸ?7c?29 ?sB?33 ??
均 ??ｸ?7c"?63 ?S2?60 ?3B?
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n人にm種の財j (j=1,2,-･,m)を配分することを考え､ i (i=1,2,-,m)へのj
の配分をwijと表すことにする｡各財の稔量は1として一般性を失わないので､ n人に対する配
分ベクトル･wi=(wil,Wi2,･･･,Win) (i=1,2,-,n)は



























































































































































































fH-max tflj a W(汁.A,.),;uj(f (1-mf事) r)-uj(a) (∀j∈Y)I




f書の定義より､ f (1-mf') ≦f事だから､ fH(1-mf')'≦f暮｡したがって､ Yでの
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はurbzn developmentに関する記事のうち該当するものを検索して, 4 8 3件を入手し,さらに題名に
おいて(a)(b)を含む全記事2 0 4件を絞り込み,これを次章以降の基本データとした｡また,報道記事の
不足分や偏向などをチェックするため, MFP構想の公式報告書やメモ,反対派の出版書,計LT専門家
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だ｡ ( ｢ゴールド･コースト決定期｣ ) ｡州政府は土地取得に乗り出したが,強制収用は行わず,費用
に3億2千万豪ドル以上は出さないと宣言し,結局, MⅣ予定地での日本企業を含む投機企業の価格つ
り上げ,住民の反対のために,州政府は土地取得をあきらめることとなる( ｢用地取得問題期｣ ) ｡用
地はアデレードに変更されたが,アデレードへの候補地の決定に関してMFPプロジェクトの成功･失敗
を含めて様々な意見が報じられた｡ ( ｢アデレード決定期｣ )その後, MFPアデレードの案づくりの体
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Learning Process Analysis on Hypergames (LPAH)
I. IntrodtICtion
CoIJaboradon to form a paTtnerShip between pubJic and private actors can be defined as a
process where each actor investigatesJhisnler individual possibiJides to form a stabIF and
strong coaJitionthroughthe exchange of information onthe partner-s preferences and
alternatives. We can seethat each of the actors learns the finer details of this situation.
Without compledngthis learnlng process, Project managers muSt face with the potential risks.
Because in such cases, Some actors might adopt unexpected actions, so也at approprlate
coalitions would be collapsed and unwe)come outcomes emerged･
As　a framework of　risk-　management in these pJannJng situations, we focus on
`hypergame'･ Hypergame isanextended descrlptJOn Of game theory ln normal foml, and
several retrospect analyses formilitary conflicts(Bennett & Dando, 1979, Fraser, et.aI, 1990)
and social problems(Bennett, et･aJ, 1980) have been reported. By including leaming
processes on hypergames, we are developlng a extended systematic framework, caJJed
Leaning ProcessAnaJysis on Hypergames (LPAH)･ The a毒m of this study is to present仇e
theoredcalaspect ofLPAH, and to show a research-based hypothesis example on a futuristic
city development project in Japan- Australia cooperation, Muiti-Function PoJis (MFP) on the
late80'S.
2. Examples of two･persom bypergame
As弧eXamPIe, we explain a leamlng process that consists of a series of hypergames in Fig･
1･ The real game mr is designated as a non-cooperative ganlte･ Inthe f!rst stage, each player
misunderstaJldsthe otherl s preference･ PJayer Pmistakes this game for mp3, player Q for
mq3･ Inthis stage, outcomesthat each player chose differs from those inthe real game･ If
bothplayersperceive contents of the game correcdy, namely mr, then the outcome of the
gameis got shown as a tuple (pl,ql)･ Vmenthe situation is seen as m3,the outcome is
(pl,q2)I Throughmodifying cognition mode一s of the both pJayers, the current hypergame
transforms into aJIOther hypergame･ Inthe next stage,the strategleS Chosen by both players
can be aJsoaltered･ Fig･2 shows an example of a s血ation Where each p一ayer cannotperceive
the other- s strategy set pardaHy.
3: Fomalization of hypergames and learning process
3. I Definitions of hypergames
First we focus on a class of first-level hypergame (Wang et.al, 1988) played by two
players, inthe situation where each player understands his self-existence, each own strategy
setand payoff matrix correcdy, but eachmisunderstands the other player's attribLJteS. This
-45-
class can be expressedthe situations of. mutua) mJSperCePtJOn'andtheir resoludon process.
rDef. I )Two-person first-level hypergame (Kijima, 1996)
Let mr bethe realgame, in which each player has no mlSPerCePtlOn･ So mr is denoted as
follows; bothstrategy sets of player P and Q, Dp,叫, outcome s=(dp,dq) (∈DpX叫),
bothplayers■ payo肝ma廿ices are sxpressed as preference orders <p, <q betw戸en two
outcomes sand s'.Thus mr is denoted as a quadruple as follows;
TTV= (Dp,叫, <p, <q)　　　　(1)
(<pand <qaretotalorder reladons on (DpX叫))
So, mp as P'Sperceived model is denoted as follows;
I q s strategy setin P-s model叫p, Q-s payoff matrix jn P's model
<qp,thus is aJso denoted as.a quadruple as
mp= (叫,叫p, <p, <qp)　　　(2)(<qp is atota! orderrelation on DpX叫p)
Similarly, mq as Q'Sperceived model is also denoted as foHows;
mq= (Ⅰわq,叫, <pq, <q)　　　(3)(<pq is a totA王order relation on DpqX叫)
Ahypergame m is defined as follows;
m= (mr;mp;mq)　　　　　　　　(4)
If no player has aJly mISperCePtJOn, namely
mr=mp=mq, hypergame m is denoted mr withgiving a meamngthat this hypergame is the
same asthe reaJ game mr, or zero-level hypergame. The N-person hypergame can be also
defined by naturally extending a tw o-person hypergame･
3. 2 Order tylations between two mlSPerCePtion situations
we propose 'order reladon一〇n a set of hypergames, in which each player understands the
otherl s strategy set correcdy, butmisunderstands the preference order inthe payo斤matrix of
the other player･When we consider an inclusion rela‡jon between two hypergamesr
difference sets, each representing matching parts by comparlng tOthe real game mr, it forms




mpl= (Dp,叫pl, <p, <qpl) ,
mp2= (Jh),叫p2, <p, <qp2) ,
mql= (Jh)ql,叫, <pql, <q) ,
mp2= (Jh)q2,叫, <pq2, <q).
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lDef. 2l Modeトide_ndficadon order ≦i
Between hypergames ml and m2 satisfying Dp=Dpq l=Dpq2,叫=Dqp l=Dqp2, difference
sets A paJld A qaredefinedas
△ p=(<qpn<q)∪(-<qpnr<q),
△ q=(<pqn<p)∪(-<pqnr<p).
If A pl⊆△ p2and A ql⊆△ q2,thenwe candefine a partial orderrelation onla SetOf
hypergames M ,inthis case, we represent ml ≦i m2. This means that m2 is better identified
thanml.
Next, we focus on strategy sets叫p and Dpq and preference orders <qp and <pq in
each hypergame･ We can consider an order relation on a set of hypergame when the one-s
strategy sets include the other- s strategy sets butthe one-S preference structure preserves the
other一首struCture･ We caJI such a relationship asthe model-extension order. In other words.
the model-extension order can be interpreted as an extension of strategy sets under
preservJng preference orders inthe bothof cogmt10n models.
IDef. 3J Model-extension order　　≦e
Let two hypergames ml and m2 have a relation that satisfies the followlng three conditions:
(1)叫pl⊆叫p2, Dpql⊆Dpq2,
(2)forall sp,sp-∈DpX叫pl, ifsp <qpl sp-thensp <qp2sp-,
(3)foraJIsq,sq. ∈叫qlXDq, ifsq <pql sq.thensq <pq2sq-.
Then we can define a partial order reladon on M, in this case, we represent ml ≦e m2,
andthis meanSthatm2 is a extension of ml and thatml is a restriction of m2.
Anadequate set of hypergames can be defined so that it forms a kind of space (- sb.uctured■
set) by introducing each of bothorder reladons. Omitted in detail, some mathematical
proposidons can be identified.
LProp. 1 l ModeLidentification space is a Boolean Jadce of sets
LProp･ 2J Model-extension space is a latdce of sets (a Boolean lattice)
3. 3 Leaning process on hypergames
When we consider a series of hypergames connected by one of the above defined order
relations (forexample, m3 ≦i m2 ≦i ml), a situation thatshifts from m3 to m2, ml can be
interpreted as a lmonotonic'leamlng Process Of cogmt10n models in pJayers･ So, in our
framework, it can be called as a 'leamJng prOCeSS'by defining ]t as foJJows;
ー47-
pl好
Eqdibda perdeved by Player P　(pl.I I)
Eqtlub由percieved by P181-er Q 0 I.I 1)
02.q2)
EqtliLibdA Of坤pcrgaJne JtL 01 ,q 1)　　　　　　　Q)1.I i)











Figure. 1AnB【むnPle of Le弧i噂Process on血ypergames(Model- 1dendficadon Process)
l　つ-nr p
丁-.一･.-_-･ IFf) rTI EP
Eq雌bdapercieved byPlayefP (pl･ql)　　　　　011ql)
ゆ2.q3)
叫叫qdevd by nayq Q笠･.qii',　　富と'.qi;',
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Figwe. 2AnexaJnPle ofLearmig Process on hyperganes(Model-extension Process)
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JDef･ 41Leaming pro伐ss on a space of hypergames
Forao.rdered set (M, ≦) suchthata currenthypergame m*(∈M) is given, achajn (a
totaJ order subset) including m* and mr, nameJy, 〈mt) t∈A (A is a subset of non-
negative integers) is called as a Jeaming process･ Specific names of learning process can be
aJso gIVen by corresponding to underJying ordered sets as foJJows;
～
ModeI-identification learnlng Process.･　　　(mt) t∈ A, m∈ M, mt ≧i mt+I
Model-extension learnlng process:　　　　　(mt) t∈ A,m ∈ M, mt ≧e mt+)
lDef･ 5JLeaming Space
lf M- is ajoint setofaHof )earning processes each of which includes both　m* and mr (M-
⊆M),thentheordered subset (M-, ≦) is a sub-lattice of M, So is called as a learning
spacer ln sub-sub-Jatdce of mq (Fig･3), we can find variotIS Paths of model-identificatio王I
prOCeSS･
When m does not adjoin mr, there are altemative paths from m to mr, meanng that the)･e
are various kinds of monotonic leamlng prOCeSSeS･ !n other words, processes of -correct･
learnlng exist in general.
4: Framework ofLearming Process Analysis
4･l Strategy chosen by a player in a hypergame
Now let us consider on a non-cooperative game sitllati-Jn･ Regarding each pJayerTs
decision prlnCiples, Nash equilibrium is well-known as one of actions derived from a
player. s individuaJ rationality.
In a hypergame, each player does notknow Nash equiJibriainthe real game･ Instead, each
will choose a strategy by applying Nash equilibria of his/her own perceived game･ EquiJibria
perceived by player P are also chosen･ When a hypergame is gJVen, if a player's
equilibrium coincideswithanotherls one･ it wouJd be a natural outcome inthe hypergame･
It is called as `equilibria of the hypergame'and defined as fo!Jow s;
IDef. 6J Equilibriaofhypergame m
Np(m) is called as a setof equilibria perceived by player P in hypergame m, suchthat
(dp+,dqp+) ∈　Np(m) satisfies (dp+,dqp+) >p (dp,dqp+) for all dp ∈ Dp and
(dp+,dqp+) >qp (dp+,dqp) forall dqp∈叫p. (Nq(m) similar)
N(m) = Np(m)n Nq(m) isalso called as a setof equilibria of hypergame m.









Figtlre. 3 A part Of Model-1denWICdonSvbspiLCe
-Sol
Noteth叫for aJJ Tm, Np(mr)=Nq(JTV)=N(Tnr).
lEx･ 1日n modeHdemificadon process shown in Fig･ 1, (pl,ql) isthe only Nash
equilibrium intherealgame･ In m3,the equilibrium perceived by P is (pl,ql),thatby Q is
(p2,q2), hencethere is no equiJibrjum in hypergame m3. During the shifting of P's
cognition model from mp3 to mp2, to mpl, P- s equilibrium doesn't change･ Chlthe other
hand, at mql in Q'smodeJ, anotherequiJibrium (pl,ql)is added,then this hypergame ml
will havean equilibrium (pl,ql ).
lEx･ 2日n model-extension process shown in Fig. 2, (pl,ql) and (p2,q3) are Nash
equilibriain mr･ So, in hypergame m3,the equilibrium perceived by P is (p2,q2),that by Q
is (p2,q3),then no equilibrium of hypergame m3 exists‥During the shifting of P●s
cognition model from mp3 to mp2, P's perceived equilibrium changes to (pl,ql).Another
equilibrium (p2,q3) is addedl at Tnr･伽the other hand, at QIs model in mql, another
perceived equilibrium (pl,ql ) is added,therefore hypergame ml has an equilibrium (pl,qi ).
Unlike Wane-Stheory (Wang et･al, 1988), our theory carl deal widl. learning jnminute
detaiJ･ Here dle Jearnlng Objective is to modifythe pJayers- cognJtEOn models with diWerent
kinds of addidonal information not only onthe out･JOmeS C･f DreV主ous hypergames, but als()
using information from　the real situations･ ln othe-V()三･ds, our frameworkanalyzes the
effects of not only dte players. interaction but also their com=TT.unication.
4. 2 Gane･types perceived by a player
Let us consider game situationsperceived by an individuaj player in a learnlng PrOCeSS･ ln
this process,the player is facedwiththe.tricky'changes inthe situatioJIS Of his/her
perceived games, at dmes looking qulte Chaotic･ Jn our study'we anaJyze onthe shifting
types of games in a player-s cognition modeI･ Several game-types can be characterized in
non-cooperative games by focusing on the relationship between individual rationality and
goup radonality -- Nash equilibrium and Pareto optimizations･ For example, the Prisoners･
DHemma, in which no outcome sadsfies bothrationalides, has been researched panicularJy
in social science fields forthe pastthirty years (Rapoport&Guyer, 1966). By focusing on
bothrationalides, we can c細gorizeal1the game situations into six game-types jn games of j
x k sizes O≧2,k≧2), and showthemin table. 1. Thegame- types areas follows:
(1) No-Connict (NC): There is one Nash equilibrium suchthat it is on)y one Pareto
opbmization･ Inthis case,there is absolutely no conflict be‡ween players･
(2) Single Equilibrium (SE): There is one Nash equiJibrjum such that it is also one Pareto
opbmiZation. Chly one outcome can be considered.
(3) nJemma (DL): There are one or more equilibria, butaH of them are not Pareto optimal.
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This is　the famous case known as　-PrisonersI DHemma-. No outcome satisfies both
individual rationaLityand goup radonality･
(4) QlaSi No-Conflict (QN): There are pluralNash equilibria, but only one of them is
Pareto opdmal･ Substandally,there can exist only one outcome.
(5) Plural Equilibria (PE): There are pJuraJ Nash equilibria that satisfy Pareto optim血tion,
so plural outcomes can be conside陀d･ `Batde of sexes'is a typica) case･　　　l
(6) Cyclic (CY):Asthere exists no Nash equilibrium, no outcome is stabJe.
lEx･3ILet us consider a transidon of game-types perceived by an individual player on
modeLidentification learning process･Asshown in Fig･ 3･ the type in the cognition model
mq5is SE,thetypein mq4andmq3 is NC,QN in mq2, DL in mql, andthegametypein
therealgamemr is SE.
5: A-case'model as an exa甲Ple - About Multi･FunctionPolis(MFP) project
ln　the planning process of the Multi-Function Polis (MFP) project by Japan-Australia
cooperadon, we can show a case modelthat deals witha coHaboratiOn process in an urban
development project by internadonal cooperation･ This modeHs made hypothesis, but based
on a few researches (Castells&HaIIs, 1994, Kaneda&Tawaraya). The project aimed at
developing a new type of mixed function cityby attracting mainly Japan- s private investment
tothe project Site in Australia･ On Jan･, 1987,主t was proposed in a jointminister-level
conference betweenthe Japanese side (consists of M汀i I:言日日apanese companies) (J) and
Australian DInC withdomestic companies (AG), i:h{-ii a lbasibiHty study(FS) were
conducted in coJlaborationwitheach other･ After comple如Igthis study, Australian side
were to decidethe locadon. Inthe real world, there are various kinds of actors concerned in
this project, but we modeledthis situation as a three-person hypergame (seeTable 2). ln a
cognltlOn model, the number of players can be variable･ ln our mode), we focus onthree
phases of this collaboration pr∝ess - -Before FSl, -FS stage. and lDecision of the
Jocadon'. (Fig.4. )
Phasel :Before FS ill Mar. 88
Firsdy, J had a vague image of this project of overlapping tourism development (eg. Gold
Coast), so J supposedthe northern region (Nィegion), Which is suitable for tourism
investment･ as a project Site･ J's perceived game is a simple two- person game.that
consists of Jand AG players and each aJtemadve set (Cooperation, No). This game type is
■NoConf]ict(NC)',withJ-playerthoughts (X,I) as equilibrium. The other side, AG-player
recognized only -Technopolis development'as a poHcy matter and the revision of imbalance ,
of regional differentials inthe point Of view of the federaHeveI･ This situation is expressed









Table･l Game-Types categorized by Nash eq･ and Pareto opt.
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Phase2: FS stage fromApr･ 88 to Feb･90
Bothof J & AG joindy conducted a feasibility study through coIIatnration･ During
collaboration, each had shared aperceived situation･ (Modd-Identification process 良 ModeI-
Extension process) Then,the game perceived by the both players joindy is a twoIPerSOn
game whosetype is ICyclic(CY)- sincethere is no Nash eq.･lilibrium･ However, thereare
two meta-equilibria (X,1) 良 (y,0), SDggeStingthat some kind of 'common undersやlding'
could be formed,thatis, if theN-reglOn is chosen,then the project WOuJd succeed, butif S-
region (eg. AdeIaide) is chosenthenthe coalition would not be formed (Okada,et･aJ･ 1988)･
phase 3:Lecation Decision Stage from Mar･ to June･ 90
Inthe selected areas, local communities got to know of the proJeCt･ generating heated
discussion. N-regIOn COrrmunities regarded the project as a kind ･of 'invasjve enclave'; on
the other hand, S-region commTnityhad a posidve atdtude主n attrac血gthe project･ ln our
model, only one -dummy- player AR (Local Communities in Australia) is devised to
abstractthis situation･ ARIs perceived game is a simple two person game betweenAR & AG･
so, as long as wethinkwithinthis framework, it can be s.lid that a Elatural outcome is (y,
a).Asa result, AG recognizedthis situation as a three･ person game (ModeJ-extension
process)･ The locadon was decided by AG & AR, as a restiit, (y,a) was chosen･ Foilowing
this decision, J chose O･ A gap was caused between the expectaljon andthe outcome･
especially in Japan and S-reglOn･
6. Conclusion
our.L飽ming ProcessAnalysis on Hypergames (LPAH)千 has been demonstrated by
focuslng On its mathematical foundations･ Of pardcL,tar significance is our orlglnaJ
introduction of the 'Leamlng Process'concept･ As an examp)e･ the 'Multi Function Polls
(MFP)'project is used to illustrate LPAH･ In the plallning context, LPAH may be too
abstract. However,this concept can be a lthinking toor to gJVe insights to planners on their
behavior in real collaborative pIannlng PrOCeSSeS･ UntH now, most of hypergame studies
have applied for retrospecdveanalyses ofmiIitary connict･ OurLPAH takes a fresh approach,
because we are Plannlng tO apply for handling real proJeCtS･ A demiled study atmut MFP
projectis also being prepared by analyzing newswire articies･
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J's perceived equiljbrium (X,1 ) js Nash eq(Game-Type: One-person Garne)
and Pareto optimal AG's perceived equilibrium (y)
I (Model･identification A Exteruion)　l (ModeJ Extension)
(PHASEZ: FS stage) Both players perceive the same game
Game･Type: Cyc暮jc (CY) (No Nash Equilibrium)
Meta･Equilibdurn is (X,1 ) (Pareto opt.) 也 (y,0) (No Pareto opt.)
(No Change)












Game･Type: No ConfJjct (NC)
AR■s perceived eq. (y,a) is Nash eq.
and Pareto opt.
Game･Type: Single Equilibrium (SE)
Eq. (y,a,0) is Mash eq. and Pareto opt.
After AG and AR chose (y.a), J choose 0.　　　　-　　AG and AR choose (y,a).
Fig･ 4. A model example of MFP project (Preference numbers mean intension)
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